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−
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Γ
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t c

an
 b

e 
gr

ea
te

r 
or

 s
m

al
le

r 
th

an
 it

s 
va

lu
e 

in
to

 a
 m

at
ch

ed
 lo

ad
.  

If
 w

e 
no

w
 s

ub
st

it
ut

e 
th

is
 e

xp
re

ss
io

n 
fo

r 
b 

in
to

 e
qu

at
io

n 
(4

), 
w

e 
ge

t t
he

 n
et

 p
ow

er
 d

el
iv

er
ed

 to
 

th
e 

lo
ad

, 

P
b

ne
t

g
L g

L

=
− −

|
|

|
|

|
|

2
2

2

1 1

Γ Γ
Γ

.
(7

)

T
he

 m
is

m
at

ch
 fa

ct
or

 in
 e

qu
at

io
n 

(2
) i

s 
us

ed
 w

he
n 

yo
u 

ne
ed

 to
 k

no
w

 th
e 

ra
ti

o 
be

tw
ee

n 
th

e 
ne

t p
ow

er
 d

el
iv

er
ed

 to
 

th
e 

D
U

T
 a

nd
 th

e 
ne

t p
ow

er
 d

el
iv

er
ed

 to
 th

e 
st

an
d

ar
d

.  
In

 th
is

 c
as

e,
 y

ou
 o

bt
ai

n:
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P

P
M

M
ne

tD
U

T

ne
tS

g
S

g
D

U
T

D
U

T

S

,

,

|
|

|
|

|
|

|
|

=
=

−

−

−

−

1
2

1
2

1
2

1
2

Γ
Γ

Γ
Γ

Γ

Γ
(8

)

T
he

 ty
pi

ca
l p

ow
er

 s
en

so
rs

 u
se

d
 a

s 
st

an
d

ar
d

s 
ar

e 
us

ua
lly

 c
al

ib
ra

te
d

 s
o 

th
at

 th
ey

 r
ea

d
 in

ci
d

en
t p

ow
er

, a
nd

 n
ot

 n
et

 
p

ow
er

.  
In

 th
is

 c
as

e,
 th

en
 w

e 
w

an
t t

he
 fo

llo
w

in
g 

ra
ti

o:

P

P

P

P
M

M
ne

tD
U

T

in
c

S

ne
tD

U
T

ne
tS

S

,

,

,

,
/(

|
|

)
=

−
=

1
2

2
Γ

(9
)

w
he

re
 M

M
2 

is
 g

iv
en

 b
y 

eq
ua

ti
on

 (1
). 

 

A
.2

U
nc

er
ta

in
ty

 in
 m

is
m

at
ch

 fa
ct

or
 - 

p
ha

se
s 

kn
ow

n
If

 th
e 

m
is

m
at

ch
 fa

ct
or

 is
 c

al
cu

la
te

d
 a

s 
in

 e
qu

at
io

n 
(1

) o
r 

(2
) t

he
re

 is
 a

n 
un

ce
rt

ai
nt

y 
as

so
ci

at
ed

 w
it

h 
un

ce
rt

ai
nt

ie
s 

in
 th

e 
re

fl
ec

ti
on

 c
oe

ff
ic

ie
nt

 m
ag

ni
tu

d
es

 a
nd

 p
ha

se
s.

 I’
ll 

ev
al

ua
te

 th
e 

un
ce

rt
ai

nt
y 

in
 th

e 
eq

. (
1)

 M
M

 d
ue

 
to

 |
Γ S

|
 a

nd
 θ

S 
as

 a
n 

ex
am

pl
e.

 A
 fu

ll 
ca

lc
ul

at
io

n 
fo

r 
eq

. (
2)

 is
 in

 r
ef

er
en

ce
 7

.
B

eg
in

 b
y 

re
w

ri
ti

ng
 th

e 
fa

ct
or

 f 
w

it
h 

Γ S
 in

 te
rm

s 
of

 a
m

p
lit

ud
es

 a
nd

 p
ha

se
s.

 T
he

n 
ev

al
ua

te
 th

e 
am

pl
it

ud
e 

us
in

g 
it

s 
re

al
 a

nd
 im

ag
in

ar
y 

pa
rt

s:

f
i

g
S

g
S

g
S

g
S

g
S

 
 

 
 

 
  

 
 

 
 c

os
(

) 
 

 
 s

in
(

) 
 

=
−

=
−

+
−

+
1

1
2

2
Γ

Γ
Γ

Γ
Γ

Γ
θ

θ
θ

θ
 =

 
1

2
2

 
 

 c
os

(
)

 
 

 s
in

(
)

−
+

+
+

{
}

{
}

Γ
Γ

Γ
Γ

g
S

g
S

g
S

g
S

θ
θ

θ
θ

.
(1

0)

T
hi

s 
ca

n 
be

 fu
rt

he
r 

si
m

pl
if

ie
d

 to
 a

 fo
rm

 th
at

 m
ak

es
 e

va
lu

at
in

g 
d

er
iv

at
iv

es
 e

as
ie

r:

f
g

S
g

S
g

S
 

 
 

 
 

 
 c

os
(

)
=

+
−

+
1

2
2

2
Γ

Γ
Γ

Γ
θ

θ
.

(1
1)

T
he

 d
er

iv
at

iv
es

 o
f f

 w
it

h 
re

sp
ec

t t
o 

Γ S
 a

nd
 θ

S 
ar

e:

∂ ∂
=

−
+

{
}

f S
g

g
S

g
S

Γ
Γ

Γ
Γ

 
 

 
 

 
 c

os
(

) 
2

θ
θ

 a
nd

 
∂ ∂

=
+

f S
g

S
g

S
θ

θ
θ

 
 

 s
in

(
) 

2
Γ

Γ
.

(1
2)
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T
he

 r
es

ul
ts

 in
 e

qu
at

io
n 

(1
2)

 c
an

 th
en

 b
e 

us
ed

 to
 fi

nd
 th

e 
d

er
iv

at
iv

es
 o

f M
M

 w
it

h 
re

sp
ec

t t
o 

Γ S
 a

nd
 θ

S.

∂ ∂
=

∂
∂

∂ ∂
=

−
+

{
}

−

M
M

M
M f

f
M

M
S

S

g
g

S
g

S

g
S

Γ
Γ

Γ
Γ

Γ

Γ
Γ

 
 

 
 

 
 

 
 

 
 c

os
(

) 

 
 

 

2

1
2

θ
θ

(1
3)

an
d

∂ ∂
=

+

−

M
M

M
M

S

g
S

g
S

g
S

θ

θ
θ

 
 

 
 s

in
(

)

 
 

 

2

1
2

Γ
Γ

Γ
Γ

.
(1

4)

E
qu

at
io

n 
(1

4)
 a

pp
ea

rs
 in

 th
e 

le
ct

ur
e 

no
te

s.
 S

im
ila

r 
ex

pr
es

si
on

s 
ca

n 
be

 d
er

iv
ed

 fo
r 

Γ g
 a

nd
 Γ

D
U

T
. T

he
y 

ar
e 

m
or

e 
co

m
p

lic
at

ed
 th

an
 e

qs
. (

13
) a

nd
 (1

4)
 s

in
ce

 th
ey

 a
pp

ea
r 

in
 M

M
 in

 m
or

e 
th

an
 o

ne
 p

la
ce

. 

A
.3

U
nc

er
ta

in
ty

 in
 m

is
m

at
ch

 fa
ct

or
 - 

p
ha

se
 u

nk
no

w
n

If
 th

e 
p

ha
se

 o
f 

Γ L
 o

r 
Γ g

 is
 u

nk
no

w
n,

 th
en

 th
e 

fa
ct

or
 |

|
1

2
−

Γ
Γ g

L
 c

an
 h

av
e 

an
y 

va
lu

e 
be

tw
ee

n 
(

|
||

|)
1

2
−

Γ
Γ

g
L

 a
nd

 

(
|

||
|)

1
2

+
Γ

Γ
g

L
.  

T
he

 d
if

fe
re

nc
e 

be
tw

ee
n 

th
e 

m
in

im
um

 a
nd

 m
ax

im
um

 v
al

ue
s 

is
 4

|
||

|
Γ

Γ
g

L
.  

T
he

 d
is

tr
ib

ut
io

n 
of

 v
al

ue
s 

is
 a

ct
ua

lly
 p

ea
ke

d
 a

t l
ar

ge
r 

va
lu

es
 a

nd
  o

ne
 s

ta
nd

ar
d

 d
ev

ia
ti

on
 is

 g
iv

en
 b

y 
2

|
||

|
Γ

Γ
g

L
.  

T
he

 u
nc

er
ta

in
ty

 in
 M

M
2 

in
 

th
is

 c
as

e 
is

 g
iv

en
 b

y:

u M
M

u
M

M
g

S

g
S

g
D

U
T

g
D

U
T

D
U

T D
U

T

D
U

T
2

2

2

2

2

2

2

2

2 1

2 1

2 1
 

 
 

 
 

|
|

 
 

 
 

|
|

 
 

|
| 

 
 |

|
=

−
+

−
+

−

−

   

   

   

   

  

  
Γ

Γ

Γ
Γ

Γ
Γ

Γ
Γ

Γ

Γ

Γ
(1

5)

w
he

re
 th

e 
d

en
om

in
at

or
s 

in
 th

e 
fi

rs
t t

w
o 

fa
ct

or
s 

ar
e 

ap
p

ro
xi

m
at

ed
 a

s 
1.

 T
he

 fi
rs

t t
w

o 
te

rm
s 

w
ill

 u
su

al
ly

 b
e 

m
uc

h 
la

rg
er

 th
an

 th
e 

la
st

 te
rm

.  
T

he
 u

nc
er

ta
in

ty
 in

 e
qu

at
io

n 
(1

5)
 is

 s
ig

ni
fi

ca
nt

ly
 la

rg
er

 th
an

 th
e 

un
ce

rt
ai

nt
y 

w
he

n 
th

e 
m

is
m

at
ch

 fa
ct

or
 is

 e
xp

lic
it

ly
 c

al
cu

la
te

d
.  
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